Abstract-Studies previously carried out on pure bending analysis of isotropic thin rectangular plate using total potential energy functional have mainly used second order (Ritz energy function) and fourth order (Galerkin and work error energy functional). The objective of this study is pure bending analysis of isotropic thin rectangular CCCC, CSCS, CSSS and SCCC plates. In this paper, third order energy functional is used for analysis. The Rayleigh Ritz energy method of direct variation approach for plate analysis is adopted. The third order energy functional method is derived from first principle by using equations and principles of theory of elasticity. Polynomial series is used to formulate the approximate shape functions for the plate with various boundary conditions. Direct variational calculus was applied on the third-order energy function to obtain the coefficient of deflection which was used to determine the stiffness component for the plates.
Nomenclature: x
The primary axis of the plate. That is the shorter of the two axes of the major plane of the plate. y
The secondary axis of the plate. That is the longer of the two axes of the major plane of the plate. z
The tertiary axis of the plate. That is the shortest of the three axes of the plate. a
Length of the primary dimension of the plate. Plate is a solid that consist of two parallel surfaces separated by a small dimension (thickness). Generally, plate is subjected to load condition that can cause deflection transverse to the plate. Geometrically plate is bounded either by straight or curve lines. It can be used generally in architectural structures, bridges, The difficult in obtaining exact solution to the classical plate governing differential equation by integration gave prelude to the use of energy approach to plate analysis. Typical of energy method is the use of assumed shape (displacement) functions. The closer the assumed shape is to the exact shape function, the more accurate the result. If the assumed shape function is far from the exact shape function, the resulting answer will differ from the exact answer by wide margin. Thus, earlier scholars made several efforts in coming up with different assumed shape functions that seem close to the exact shape function. This is usually confirmed by comparing the result emanating from the work with assumed shape function with the result obtain from numerical methods like finite element method. Some of the energy methods in use are Ritz energy method and Galerkin energy method (Ibearugblem, et In this present work, the polynomial shape function will be adopted.
The Ritz energy method is a direct varietional method to finding an approximate solution for continuum problems. The Ritz energy method has a function with "second derivative" as the highest order of derivative. The Galerkin energy method is a broad generalization of the Ritz method and is used primarily for the approximation solution of variational and boundary values problems, including problems that do not reduced to variational problems. In Galerkin energy method, the highest order of derivative is four. This is the same with work-error method. The difference between work-error method and Galerkin method is that while the later cannot be subject to variation, the work-error method is subject to variation. The Ritz energy functional is shown on equation 1. It is noteworthy that no previous research has used an energy functional with third derivative as the highest order of derivative in pure bending analysis of isotropic thin rectangular plates. In view of this, the research focused on using third order energy functional in pure bending analysis of isotropic CCCC, CSCS, CSSS and SCCC plates. This method aims to bridge the gap created by second and fourth order energy functional used for pure bending analysis of isotropic thin rectangular plates.
II. ANALYTICAL METHOD

FORMULATIN OF THIRD-ORDER ENERGY FUNCTION
For a homogeneous rectangular thin isotropic plate, it is assumed that the thickness of the plate in the z-axis is relatively small compared with the other characteristic dimension in the x-axis and y-axis respectively. The theory of elasticity was used to formulate the third-order energy functional. The sequence of the formulation includes: kinematic, strains-deflection relationships, stress-strain (constitutive) relationship, stress-deflection relationship and total potential energy. www.ijsrp.org
KINEMATICS
The displacement of a thin rectangular plate includes in-plane displacements u and v and out of plane displacement (deflection) w. The vertical normal strain of a plate is equal to zero. Consequently, upon this the vertical shear strains are negligible in classical plate analysis and assumed to be equal to zero. The six engineering strain components of a plate are defined in terms of displacements as:
γ xz = + ∂w = 0 (8)
STRAINS-DEFLECTION RELATIONSHIPS
The relationships that exit between the in-plane strain components ( x ,  y , and xy ) and the out of plane displacement, w. Solving out equation (8) gave:
Similarly, solving out equation (9) gave:
Substituting equations (10) and (11) into equations (4) and (5) respectively gave:
Similarly, substituting equations (4) and (5) into equation (6) gave:
STRESS-STRAINS RELATIONSHIPS
From the classical plate assumptions, the effects of normal stress and vertical shear stresses ( z :  xz :  yz ) on the gross response of the plate are negligible when compared with the effects from the in-plane stresses ( x ;  y :  xy ). This leaves us with only three stress components: ( x ;  y ;  xy ). The resulting constitutive equations include:
STRESS-DEFLECTION RELATIONSHIPS
This is done to obtain the relationships, which exist between the in-plane stresses and the out of plane displacement. Substituting equations (12) and (13) into equation (15) gave:
Similarly, substituting equations (12) and (13) into equation (16) gave:
Furthermore, substituting equation (14) into equation (17) gave:
TOTAL POTENTIAL ENERGY
Strain energy is defined as average of indefinite summation of the product of stress and strain at every point in the plate within the plate domain. This is given mathematically as:
That means
But σε = σ x ε x + σ y ε y + τ xy γ xy (25)
The external work due to lateral load uniformly distributed on the plate, q is given as:
Total potential energy is the summation of strain energy and external work given as: Π = U + V (27) Multiplying equations (12) and (15) Similarly, multiplying equations (13) and (16) gave:
And multiplying equations (14) and (17) gave:
Now, let us add equations (28), (29) 
Where k 1 , k 2 , k 3 and k 4 are defined as follows:
∂ℎ ∂R dRdQ Where the k parameters are the stiffness components of the rectangular plate. Substituting equations (48), (49), (50) and (51) Substituting equations (58), (59), (60) and (61) 
NUMERICAL EXAMPLE
k 1 = ∫ ∫ ∂ 3 ℎ
